CONVEYOR BELT AND METHOD OF ASSEMBLY 

o 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention is directed to conveyor belts, and in particular, 
to modular conveyor belts. The present invention is further directed to methods 
for assembling such belts. 

Description of Related Art 

[0002] Conveyor systems are commonly used in various industrial fields for 
material handling and processing purposes. For instance, conveyor systems are 
used in food processing systems in which food items are placed on the support 
surface of a conveyor belt and are processed while being conveyed from one 
location to another. In such applications, the food items may be cooked, baked, 
frozen, washed, or subject to other processing steps while being conveyed on the 
conveyor belt. Various different types of conveyor belts have been used in such 
applications such as wire mesh conveyor belts but various modular belts have 
become especially popular in food processing systems. Moreover, such 
conveyor systems are often used in a helical accumulator such as that disclosed 
in U.S. Patent No. 5,070,999 to Layne et al. which allows storage of a large 
number of items in the conveyor system. 

[0003] Many modular conveyor belts include a jplurality of link elements, 
each link element having a plurality of spaced intermeshing extensions that 
intermesh with extensions of adjacent link elements. The intermeshed link 
elements are hingeably interconnected together by elongated pivot rods so as to 
form a continuous conveyor belt, the plurality of link elements providing the 
conveying surface. The link elements are generally made of a non-metallic 
material such as plastic, nylon, or other composite materials. The use of such 
link elements has become popular especially in food processing applications 
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because the conveyance surfaces are easy to clean and can be treated to resist 
growth of pathogens such as germs, fungus, viruses and bacteria. In such a 
manner, modular conveyor belts can aid in the reduction of food borne ailments 
by improving sanitation. 

[0004] Various conveyor belts are also known in which pivot rods are 
inserted into intermeshed link elements, the rods being retained by a feature 
provided on the link elements. For example, U.S. Patent No. 5,105,938 to Tan 
discloses a conveyor belt having links that are interdigitated and pivotably 
connected by rods, a belt link end being provided on the links that have an 
aperture with an occlusion to retain the pivot rod in place at one of two bi-stable 
positions. The patent to Tan discloses a substantially round exit-entrance 
aperture to allow installation and/or removal of the pivot rod, and a ridge or 
waist resiliently formed for holding the pivot rod. However, this patent requires 
the rods to be moved over the ridge via deformation of the ridge which can 
weaken the links depending on the material from which the links are made. 
Moreover, inadvertent removal of the rods can occur if the rod is unintentionally 
moved to a position in which the pivot rod aligns with the exit-entrance aperture. 
[0005] U.S. Patent No. 5,598,916 to Horton et al. discloses a modular 
conveyor belt similar to that disclosed above with respect to Tan, except that the 
modular conveyor belt links of this reference does not include a ridge. The 
aperture provided on the belt links allows installation and removal of the rod. 
However, in this patent, the aperture is offset relative to rod receiving aperture of 
the links thereby requiring the insertion of the pivot rods at an angle, or 
alternatively, the use of a bendable pivot rod. The insertion of the pivot rods at 
an angle is cumbersome and may often be difficult to achieve whereas use of a 
bendable pivot rod is not desirable in many applications due to reduced strength. 
[0006] In addition, various other modular conveyor belts have been proposed 
that provide other integral features, especially at the side edges of the conveyor 
belt. For example, U.S. Patent No. 6,523,680 to Guldenfels discloses a modular 
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conveyor belt including edge link ends at the outer periphery of the link 
elements that nest with other link ends when the conveyor belt is collapsed. U.S. 
Patent No. 5,372,248 also to Horton discloses a radius conveyor belt having link 
elements with projections extending from the edge surface thereof which engage 
support flanges of side rails to support the conveyor belt during operation. Such 
support flanges can prevent tenting of the conveyor belt. However, providing 
side rails for the length of the conveyor belt is cost prohibitive. Moreover, U.S. 
Patent No. 6,644,466 to Knott et al. discloses a platform top radius belt in which 
the modules include protrusions that extend to support an end of the pivot rod, 
the protrusion fitting between a projecting portion and a narrow hinge element. 
This patent discloses that the protrusion includes a notch so as to allow the pivot 
rod to be inserted into the apertures of the hinge elements but does not prevent 
unintentional removal of the rod. 

[0007] The above described conveyor belts provide solutions to a variety of 
different conveyor belt issues such as installation and retention of pivot rods. 
However, the conveyor belts do not provide an integrated solution to these issues 
associated with use of conveyor belts. Therefore, there still exists an unfulfilled 
need for a conveyor belt that provides an integrated solution to such issues. In 
particular, there still exists an unfulfilled need for a conveyor belt that allows 
easy installation and retention of pivot rods. In addition, there still exists an 
unfulfilled need for a conveyor belt that reduces the likelihood of tenting, and 
provides a mechanism to control the minimum turn radius of a conveyor belt. 

SUMMARY OF THE INVENTION 

[0008] In view of the foregoing, one aspect of the present invention is a 
conveyor belt that allows easy installation and retention of pivot rods. 
[0009] Another advantage of the present invention is in providing a conveyor 
belt that reduces the likelihood of tenting during operation. 
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[0010] Still another advantage of the present invention is in providing a 
conveyor belt with a mechanism to control the minimum turn radius of the 
conveyor belt. 

[0011] Another aspect of the present invention is in providing a method for 
assembling conveyor belts. 

[0012] In accordance with one embodiment of the present invention, a 
conveyor belt is provided comprising a plurality of link elements and a plurality 
of pivot rods. Each link element includes a plurality of intermeshing extensions 
and at least one edge extension at a peripheral edge thereof. The plurality of 
intermeshing extensions form receiving compartments adapted to receive 
intermeshing extensions of an adjacent link element, and include transverse rod 
openings. The plurality of pivot rods are received in the transverse rod openings 
of the plurality of intermeshing extensions thereby interconnecting adjacent link 
elements together. At least one edge extension of the plurality of link elements 
includes an entry aperture sized to allow insertion of a pivot rod through the at 
least one edge extension, and a protrusion that extends to block an entry aperture 
of an adjacent link element to retain a pivot rod that interlinks a pair of link 
elements other than the link element on which the protmsion is provided. 
[0013] In accordance with another embodiment, at least some of the 
transverse rod openings are slotted openings to allow the plurality of link 
elements of the conveyor belt to be collapsed together. The edge extension may 
include a receiving slot defined by an upper flange and a lower flange, the 
receiving slot being sized to receive a protrusion of an adjacent link element 
when the link elements are collapsed together. 

[0014] In addition, the edge extension may further include a rod receiving 
compartment for receiving an end of a pivot rod therein. The edge extension 
may further include a transverse obstruction that at least partially defines the rod 
receiving compartment. In one implementation, the obstruction may be a 
continuous divider. In another implementation, the obstruction may be one or 
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more projections. The projections may be curved with a radius that is 
substantially the same as a radius of the pivot rod. 

[0015] In accordance with another embodiment, the protrusion may be 
longer than a depth dimension of the receiving slot so as to control the minimum 
turn radius of the conveyor belt. In addition, a drive extension may be provided, 
the drive extension having a rod drive opening and a transverse slotted opening 
having a curved rod surface that receives a pivot rod therethrough. 
[0016] In another embodiment of the present invention, a conveyor belt is 
provided in which the link elements include a plurality of intermeshing 
extensions that form receiving compartments adapted to receive intermeshing 
extensions of an adjacent link element, each of the plurality of intermeshing 
extensions including a transverse rod opening therethrough, at least some of the 
transverse rod openings being slotted openings to allow the plurality of link 
elements of the conveyor belt to be collapsed together, and at least one edge 
extension at a peripheral edge of the link element, the edge extension including a 
protrusion and a receiving slot sized to receive a protrusion of an adjacent link 
element to interlock adjacent link elements together when the link elements are 
collapsed together, 

[0017] In still another embodiment of the present invention, a conveyor belt 
is provided in which the link elements of the conveyor belt includes a plurality 
of intermeshing extensions that form receiving compartments adapted to receive 
intermeshing extensions of an adjacent link element, each of the plurality of 
intermeshing extensions including a transverse rod opening therethrough, at least 
some of the transverse rod openings being slotted openings to allow the plurality 
of link elements of the conveyor belt to be collapsed together, and at least one 
edge extension at a peripheral edge of the link element, the edge extension 
including a protrusion that limits the extent to which the link elements of the 
peripheral edge of the conveyor belt are collapsed thereby defining a minimum 
tum radius of the conveyor belt. 
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[0018] In yet another embodiment, a conveyor belt is provided in which the 
plxirality of link elements include a plurality of intermeshing extensions that 
form receiving compartments adapted to receive intermeshing extensions of an 
adjacent link element, the plurality of intermeshing extensions including 
transverse rod openings therethrough, at least some of the transverse rod 
openings being slotted openings, and at least one edge extension at a peripheral 
edge thereof, the edge extension including a protrusion and an entry aperture 
sized to allow insertion of a pivot rod through the edge extension, wherein the 
protrusion prevents removal of a pivot rod when the link elements are collapsed 
together. 

[0019] In accordance with yet another embodiment of the present invention, 
a conveyor belt is provided in which the link elements have a plurality of 
intermeshing extensions and at least one edge extension at a peripheral edge 
thereof, the plurality of intermeshing extensions forming receiving 
compartments adapted to receive intermeshing extensions of an adjacent link 
element, and including transverse rod openings. The conveyor belt includes a 
plurality of pivot rods received in the transverse rod openings of the plurality of 
intermeshing extensions thereby interconnecting adjacent link elements together. 
The edge extension of at least one of the plurality of link elements includes an 
entry aperture sized to allow insertion of a pivot rod through the edge extension, 
and a transverse obstmction that at least partially defines a rod receiving 
compartment for receiving an end of the pivot rod therein. The transverse 
obstruction prevents the end of the pivot rod from being forced into the rod 
receiving compartment from the entry aperture. 

[0020] In accordance with one embodiment, the obstruction is a continuous 
divider. In ianother embodiment, the obstruction is at least one projection. The 
obstruction may be implemented to transversely extend widthwise across only a 
portion of the width of the edge extension, or to transversely extend widthwise 
across the full width of the edge extension. Moreover, in another embodiment. 
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the link elements may be adapted to be stretched transversely to allow the end of 
the pivot rod to clear the transverse obstruction so that the pivot rod is moveable 
into the receiving compartment. 

[0021] In yet another embodiment of the present invention, a conveyor belt 
is provided in which the link elements have a plurality of intermeshing 
extensions and at least one edge extension at a peripheral edge thereof, the 
plurality of intermeshing extensions forming receiving compartments adapted to 
receive intermeshing extensions of an adjacent link element, and including 
slotted transverse rod openings. The conveyor belt includes a plurality of pivot 
rods received in the transverse rod openings of the plurality of intermeshing 
extensions thereby interconnecting adjacent link elements together. The edge 
extension of at least one of the plurality of link elements includes an entry 
aperture sized to allow insertion of a pivot rod through the edge extension, and a 
transverse obstmction that at least partially defines a rod receiving compartment 
for receiving an end of the pivot rod therein. The rod receiving compartment is 
sized larger than the end of the pivot rod to allow the end of the pivot rod to be 
displaced therein. 

[0022] In accordance with another aspect of the present invention, a method 
of assembling a conveyor belt is provided, the method comprising the step of 
providing a plurality of link elements, each link element having a plurality of 
intermeshing extensions with transverse rod openings, and at least one edge 
extension at a peripheral edge thereof that includes an entry aperture and a 
transverse obstmction that at least partially defines a rod receiving compartment. 
The method also includes the steps of providing a plurality of pivot rods, 
intermeshing a pair of adjacent link elements together, and inserting a pivot rod 
through the entry aperture of one of the intermeshed pair of link elements and 
through said transverse rod openings to thereby interconnect said intermeshed 
pair of link elements together. The method further includes the steps of 
transversely stretching the intermeshed pair of link elements to allow an end of 
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the pivot rod to clear the transverse obstruction, and moving the end of the pivot 
rod into the receiving compartment. In accordance with another embodiment, 
the method may further include the step of releasing the stretched intermeshed 
pair of link elements to allow them to return to normal size. 
[0023] These and other advantages and features of the present invention will 
become more apparent from the following detailed description of the preferred 
embodiments of the present invention when viewed in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Figure I is a perspective edge view of a segment of a conveyor belt 
having a pair of link elements in accordance with one embodiment of the present 
invention. 

[0025] Figure 2 is a topographical view of the conveyor belt shown in 
Figure 1. 

[0026] Figure 3 is an edge view of the conveyor belt shown in Figure 1 . 
[0027] Figure 4 is a perspective edge view of the conveyor belt shown in 
Figure 1 in which the link elements have been collapsed together. 
[0028] Figure 5 is a topographical view of the conveyor belt shown in 
Figure 4. 

[0029] Figure 6 is an edge view of the conveyor belt shown in Figure 4. 
[0030] Figure 7 is a cross sectional view of the conveyor belt as shown in the 
topographical view of Figure 5. 

[0031] Figure 8 is a topographical cross sectional view of a segment of a 
conveyor belt having link elements in accordance with another embodiment of 
the present invention. 

[0032] Figure 9 is the conveyor belt of Figure 8 in which the link elements 
have been collapsed together. 
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[0033] Figure 10 is a perspective edge view of a segment of a conveyor belt 
having a pair of link elements in accordance with another embodiment of the 
present invention. 

[0034] Figure 11 is an edge view of the conveyor belt shown in Figure 10. 
[0035] Figure 12 is a topographical cross sectional view of a segment of a 
conveyor belt having link elements in accordance with still another embodiment 
of the present invention. 

[0036] Figure 13 is a topographical cross sectional view of a segment of a 
conveyor belt having link elements in accordance with yet another embodiment 
of the present invention. 

[0037] Figure 14 shows the segment of the conveyor belt of Figure 13 being 
assembled in accordance with a method of the present invention. 

DETAILED DESCRIPTION OF THE PREFERJRED EMBODIMENT 

[0038] Figures 1 to 7 show various views of a segment of a conveyor belt 10 
in accordance with one example embodiment of the present invention which 
provides an integrated solution to various issues noted previously that is 
associated with using conveyor belts. As will be described in detail herein 
below, the conveyor belt 10 allows for easy installation and retention of pivot 
rods which are used to interconnect a plurality of link elements as described. In 
addition, conveyor belt 10 as illustrated reduces the likelihood of tenting, and 
further provides a mechanism for controlling the minimum turn radius of the 
conveyor belt 10, Various aspects of the present invention, and the advantages 
thereof, are described herein below in reference to the various figures, especially 
with respect to Figures 1 to 7. However, it should be understood that these 
figures merely show particular embodiments of the present invention, and that 
the present invention is not limited to the specific embodiments shown. 
[0039] As shown in Figures 1 to 7, the illustrated embodiment of the 
conveyor belt 10 comprises a plurality of link elements 12, only two of which 
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are shown for clarity purposes, so that only a segment of the conveyor belt 10 is 
shown. It should be evident to one of ordinary skill in the art that in actual 
implementation, many other link elements 12 would be provided to thereby form 
a continuous conveyor belt 10. In addition, it should also be noted that these 
figures merely show a segment of the link elements 12 for clarity purposes. In 
actual implementation, the link elements 12 may be implemented to extend 
across the transverse width of the conveyor belt 10. Of course, in alternative 
implementations, multiple link elements may be aligned transversely to thereby 
span the width of the conveyor belt 10 instead. 

[0040] Referring again to Figures 1 to 7, each link element 12 of the 
conveyor belt 10 includes a plurality of intermeshing extensions 14, and at least 
one edge extension 16 at the peripheral edge of the link element 12. In addition, 
in the illustrated embodiment, the link elements 12 are further provided with 
drive extensions 18 which are used to drive the conveyor belt 10 as described 
below. The intermeshing extensions 14 of the link elements 12 extend in both, 
forward and backward directions of the link element 12, and are spaced so as to 
form receiving compartments 20 that are sized to receive intermeshing 
extensions of an adjacent link element, for example, in the manner most clearly 
shown in Figure 2. 

[0041] In addition, the intermeshing extensions 14 further include transverse 
rod openings 22 which transversely extend across the width of the link element 
12. The transverse rod openings 22 are sized to receive pivot rods 24, thereby 
interconnecting intermeshing extensions 14 of adjacent link elements 12 together 
in the manner shown in Figures 1 and 2. The pivot rods 24 of the illustrated 
embodiment are implemented as rigid rods which may be made of any 
appropriate material such as stainless steel. In addition, in the illustrated 
embodiment, the pivot rods 24 are headless, i.e. are not provided with any 
structural features at the ends thereof, so as to minimize manufacturing costs and 
to allow insertion of either end of the pivot rods 24 to interconnect a plurality of 
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link elements 12 together. Of course, in other embodiments, different pivot rods 
may be used, for example, pivot rods that are flexible and/or are provided with 
head features. 

[0042] In the present embodiment, the transverse rod openings 22 are 
implemented as slotted openings as shown in Figure 1. Because the 
intermeshing extensions 14 are provided with slotted openings, adjacent link 
elements 12 of the conveyor belt 10 may be collapsed together in a nesting 
manner as more clearly shown in Figures 4 and 5. This allows the conveyor belt 
10 to negotiate turns along its path by allowing one edge of the conveyor belt 10 
to be collapsed while the other edge of the conveyor belt 10 is extended, for 
example, as shown in Figure 1. Of course, it should be understood that these 
figures show intermeshing extensions 14 which extend in both forward and 
backward directions being provided with slotted openings. In other 
implementations, the intermes;hing extensions 14 extending in only one direction 
may be provided with slotted openings to allow adjacent link elements to be 
collapsed together and to provide tum capability. 

[0043] In the illustrated embodiment of the present invention, the 
intermeshing extensions 14 of the link elements 12 are further provided with 
vertical openings 26 as most clearly shown in Figure 2. The vertical openings 
26 allow, for example, gases, water, or other liquid to be flowed through the 
conveyor belt 10 to the items that are supported on the conveyor belt 10 for 
processing of the conveyed items. For example, water may be flowed through 
the conveyor belt for washing the items conveyed. However, provisions of such 
vertical openings 26 are optional and in other embodiments, the intermeshing 
extension 14 may be provided with closed surfaces that support the items that 
are being conveyed on the conveyor belt 1 0. 

[0044] As most clearly shown Figures 1 and 4, the drive extensions 18 of 
link elements 12 are provided with rod openings 19 for receiving the pivot rods 
24 that are passed therethrough. In this regard, in accordance with the illustrated 
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embodiment, the rod openings 19 are implemented as slotted openings to allow 
adjacent link elements 12 to be collapsed together, as shown in Figures 4 to 6. 
In addition, the rod openings 19 are provided with a curved surface 21 which 
facilitates the movement of the link element 12 relative to the pivot rod 24. In 
particular, the curved surface 21 provides a contact surface for the pivot rod 24 
as the conveyor belt 10 navigates a turn. The curved surface 21 reduces the 
stresses on the link element 12 when adjacent link elements 12 are angled. 
[0045] The drive extensions 18 also include drive openings 23 through 
which access to the pivot rods 24 is provided. This allows a drive mechanism 
such as the drive wheel (not shown) to engage the pivot rods 24, and drive the 
conveyor belt 10. In this regard, as previously noted, the pivot rod 24 of the 
illustrated embodiment is made of a substantially rigid material such as stainless 
steel or other appropriate material sufficient to interconnect the link elements 12 
in the manner previously described, and to further allow driving of the conveyor 
belt 10. 

[0046] Of course, the above described features of the conveyor belt 10 is 
provided as an example only and other embodiments of the conveyor belt in 
accordance with the present invention need not be provided with each of the 
features described relative to the present embodiment, but may be provided with 
any selection or combination of features. In this regard, in other embodiments, 
the conveyor belt may be driven in an alternate manner which does not require 
drive extensions or engagement to the pivot rods 24. Thus, the mechanism for 
driving the conveyor belt 10, as described above, should be merely an example 
of one implementation. 

[0047] In accordance with the embodiment of the present invention as shown 
in Figures 1 to 7, the link elements 12 of the conveyor belt 10 are further 
provided with edge extensions 16 that have various features which are described 
in further detail below. These features provided on the edge extensions 16 allow 
easy installation and retention of the pivot rods 24 of the conveyor belt 10. In 
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addition, these features also minimize the occurrence of tenting while further 
providing a mechanism to control the minimum tum radius of the conveyor belt 

lo: 

[0048] In the above regard, the edge extensions 16 are provided with entry 
apertures 30 sized to allow insertion of the pivot rods 24 through the edge 
extension 16 and to be received within the transverse rod openings 22 of the 
intermeshed link elements 12. As described in detail below, the ends of the 
pivot rods 24 are retained in the edge extensions 16 by a transverse obstruction 
so as to reduce the potential for unintentional removal of the pivot rods 24. In 
addition, the edge extensions 16 of the illustrated embodiment are provided with 
protrusions 32 at one end thereof which block the entry apertures 30 of adjacent 
link elements when adjacent link elements 12 are collapsed together in the 
manner shown most clearly in Figures 4 and 6. In this regard, in the illustrated 
embodiment, the entry apertures 30 are provided within receiving slots 34 
which, in the present embodiment, are defined by an upper flange 36 and a lower 
flange 38 that extend from the edge extensions 16. As can be appreciated by 
examination of Figure 6, the receiving slot 34 is sized to receive the protmsion 
32 of an adjacent link element 12 when the link elements 12 are collapsed in the 
manner shown in Figure 4. During assembly of the conveyor belt 10, when the 
link elements 12 are interconnected together, the pivot rods 24 can easily be 
inserted into the entry aperture 30 and through the rod opening 19 of the drive 
extension 1 8, as well as the transverse rod openings 22 of the intermeshed link 
elements 12. 

[0049] Figure 7 shows a cross section of the conveyor belt 10 which more 
clearly illustrates the various features of the link elements 12 in accordance with 
the illustrated embodiment, and how the present embodiment functions when the 
link elements 12 are collapsed together in the manner shown. The extensions of 
the link elements 12 are implemented with slotted openings to allow the link 
elements 12 to be collapsed together in the manner shown. As previously 
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described, the edge extension 16 of the link elements 12 are provided with entry 
apertures 30 through which the pivot rods 24 are inserted to thereby interconnect 
adjacent intermeshing link elements 12 together. The ends 25 of the pivot rods 
24 are received in a rod receiving compartment 42 that is defined in the edge 
extension 16 of the link elements 12. 

[0050] As noted, the edge extensions 16 of the link elements 12 include at 
least one transverse obstruction 44 that extends transversely widthwise on the 
edge extension 16, and at least partially defines the rod receiving compartment 
42. The transverse obstruction 44 may be implemented as one or more 
projections (Figure 7 showing only one projection which is adjacent to the lower 
flange 38) which extend transversely across at least a portion of the width of the 
edge extension 16. The transverse obstruction 44 retains the end of the pivot rod 
24 in the rod receiving compartment 42 and prevents the pivot rod 24 firom being 
unintentionally removed through the entry aperture 30 which would cause the 
conveyor belt 10 to fail. In the illustrated embodiment, the rod receiving 
compartment 42 is sized larger than the end of the pivot rod 24. This allows the 
end of the pivot rod 24 to be displaced within the rod receiving compartment, for 
example, when the conveyor belt is collapsed during a turn. In the illustrated 
embodiment, the dimension of the end of the pivot rod 24 corresponds to the 
diameter of the pivot rod 24 itself. However, in embodiments where a head 
feature is provided, the dimension of the end of the pivot rod would be different 
than the diameter of the pivot rod. 

[0051] The transverse obstruction 44 shown is curved upwardly with a radius 
that is substantially the same as the radius of the pivot rod 24. Of course, in 
other embodiments, the obstruction may be implemented with any appropriate 
shape, and heed not be provided with a curved shape. The obstruction may 
alternatively be implemented as a continuous divider that partially defines the 
rod receiving compartment 42. However, by providing an obstruction which is 
curved with a radius that is substantially the same as the radius of the pivot rod 
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24, the movement of the pivot rod 24 within the receiving compartment 42 may 
be facilitated thereby enhancing the durability of the link elements 12, while 
improving the manufacturability of the link elements 12. 

[0052] During assembly, the link elements 12 on the conveyor belt 10 are 
intermeshed together so that the rod opening 19 of the drive extension 18 and the 
transverse rod openings 22 of the intermeshing extensions 14 are aligned with 
the entry aperture 30 of an adjacent, interconnecting link element 12. The pivot 
rods 24 are inserted through these openings to thereby interconnect the adjacent 
link elements 12 together. The ends 25 of the pivot rods 24 are then moved into 
the receiving compartment 42. In one embodiment, this may be attained by 
moving the ends 25 of the pivot rods 24 past the obstruction 44 and into the 
receiving compartment 42. The obstruction 44 is preferably made so as to 
prevent movement of the end 25 of the pivot rod 24 through the obstruction 44 
and into the rod receiving compartment 42. In this regard, the obstruction 44 
may be implemented as one or more discontinuous projections that are 
appropriately sized and rigid to prohibit the pivot rod 24 from being pushed from 
the entry aperture 30 into the rod receiving compartment 42. In another 
embodiment, the obstruction may be implemented as a continuous wall that 
defines the rod receiving compartment. In accordance with another 
embodiment, the obstmction 44 may be implemented as a discontinuous 
projection which are sized and sufficiently compliant to allow the pivot rod 24 to 
be forcefully pressed through the obstmction from the entry aperture 30 and into 
the rod receiving compartment 42. 

[0053] In the above described embodiment in which the obstmction 44 
prevents the end 25 of the pivot rod 24 from passing therethrough, the link 
elements 12 are adapted to be stretched a small distance in the transverse width 
direction so that the width of the conveyor belt 10 is slightly increased, and the 
ends 25 of the pivot rods 24 can then be moved around the obstmction 44 and 
into the rod receiving compartment 42. As can be seen in Figure 7, the 
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transverse obstruction 44 of the illustrated embodiment is dimensioned to only 
partially extend along the transverse width of the edge extension 16. The link 
elements 12 thus, need only to be stretched slightly during installation of the 
pivot rods 24 in order for the end of the pivot rod 24 to clear the transverse 
obstruction 44 so that the pivot rod 24 can be received in the receiving 
compartment 42, Of course, in other embodiments, the transverse obstmction 
may be dimensioned to fully extend the transverse width of the edge extension 
16. In such instances, the link elements 12 may be adapted to be stretched 
sufficiently for the ends of the pivot rod to clear the transverse obstruction. 
[0054] In this regard, the pivot rods 24 are correspondingly sized in length so 
that the pivot rods 24 are slightly longer than the dimension between the ends of 
the transverse obstructions of the edge extensions at the opposite edges of the 
link element 12, but smaller than the dimension between the edge walls 17 of the 
receiving compartments 42 of these edge extensions so that the two ends of the 
pivot rods 24 can be received within the receiving compartments 42 at the 
opposite edges of the link element 12. The slight stretching of the link elements 
12 is made possible by the fact that the link elements 12 are preferably made of a 
slightly deformable plastic or other appropriate material. For example, the link 
elements 12 may be made of plastic such as acetal, polyethylene, polypropylene, 
and/or nylon. Of course, other appropriate materials may be used. In addition, 
such installation of the pivot rods 24 would be equally effective in the 
implementations where the obstruction 44 is implemented as a continuous 
divider. 

[0055] It should be evident to one of ordinary skill in the art that the pivot 
rod 24 would clearly be positioned within the rod receiving compartment 42 
when the link elements 12 are expanded and positioned away from each other as 
shown in Figures 1 to 3. In such a configuration, the pivot rods 24 are not 
aligned with the entry apertures 30 of the edge extensions 16, but are instead, 
retained in rod receiving compartments 42 of the edge extensions 16, as noted. 
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[0056] However, in the instance where the conveyor beh 10 is negotiating a 
turn or the link elements 12 are otherwise collapsed together, there is a 
possibility that the pivot rod 24 may move toward the entry aperture 30 and be 
aligned therewith so that the pivot rod 24 can be unintentionally removed 
through the entry aperture 30, thereby disconnecting the link elements 12 and 
causing the conveyor belt 10 to fail. Thus, in accordance with the present 
embodiment as most clearly shown in Figure 7, when adjacent link elements 12 
are collapsed together, the optional protrusion 32 provided on the edge extension 
16 blocks the entry aperture 30 of the adjacent link element 12. In this manner, 
the protrusion 32 prevents unintentional removal of the pivot rods 24 when the 
link elements 12 are collapsed together, for example, when the conveyor belt 10 
is negotiating a turn. 

[0057] Referring again to Figure 6, the receiving slot 34 provided on the 
edge extension 16 and defined by the upper flange 36 and the lower flange 38 is 
sized to receive the protmsion 32 of an adjacent link element 12 when the link 
elements are collapsed together in the manner shown. In addition to blocking 
the entry aperture 30 to retain a pivot rod 24 as described above, the present 
implementation further prevents "tenting" of the adjacent link elements 12. 
Tenting occurs between two or more link elements when the interconnected link 
elements buckle upward along the pivot rod so that the link elements are inclined 
with the pivot rod at the apex. As can be appreciated, conveyor belts are prone 
to tenting when the link elements of the conveyor belt which are pivotally 
connected by pivot rods, are collapsed together and forcefully pushed together. 
When tenting occurs, the link elements no longer provide a substantially flat 
conveying surface, but rather an upward triangulated sloped surface of two or 
more link elements. 

[0058] The embodiment of the present invention, as shown in Figures 1 to 7 
in which the edge extension 16 is provided with a receiving slot 34 for receiving 
a protmsion 32 of an adjacent link element 12, prevents tenting in the conveyor 
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belt 10. In particular, tenting is prevented in the illustrated embodiment since 
the upper flange 36 and the lower flange 38, defining the receiving slot 34, 
prevents the angular movement of the protrusion 32 of the adjacent link element 
12 when the protmsion 32 is received within the receiving slot 34. Thus, as the 
adjacent link elements 12 in the conveyor belt are collapsed together, each of the 
collapsed link elements 12 are interlocked together and prevented from tenting 
with respect to the adjacent link element via the receiving slot 34 and the 
protrusion 32. 

[0059] It should be further noted that, in accordance with the illustrated 
embodiment of the present invention, and as most clearly shown in Figure 7, the 
protrusion 32 provided on a particular link element 12 blocks an entry aperture 
30 of an adjacent link element to retain a pivot rod 24 that interlinks the adjacent 
link element together with another link element. In other words, the protrusion 
that extends from the edge extension of a particular link element blocks an entry 
aperture of an adjacent link element to retain a pivot rod that interlinks a pair of 
link elements other than the link element on which the protrusion is provided. 
This feature is described in further detail below. 

[0060] Figures 8 and 9 show a cross-sectional view of a conveyor belt 1 10 in 
accordance with another implementation of the present invention. In this regard, 
conveyor belt 1 10 is substantially similar to the embodiment shown in Figures 1 
to 7 discussed above. Therefore, discussion of various details regarding the 
conveyor belt 110 which are the same as the previous embodiment discussed 
above are omitted herein to avoid repetition. As can be clearly seen, the primary 
distinction between the embodiment shown in Figure 8 and the embodiments 
discussed above relative to Figures 1 to 7 is that the edge extension 1 1 6 of the 
link elements 112 are provided with obstructions 144 which are implemented as 
a continuous divider, the obstructions 144 partially defining the receiving 
compartment 142 that receives the ends of rods 124. 
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[0061] In Figure 9, each of the components of the conveyor beh 110 are 
further envimerated with suffixes to more clearly describe the feature of the 
present invention. As shown, the protrusions 132A-132C provided on the edge 
extensions 116A-116C of the Hnk elements 112A-112C extend to block entry 
apertures 130A-130C of an adjacent link element to thereby retain a pivot rod 
that interlinks a pair of link elements other than the link element on which the 
protmsion is provided. In particular, the protmsion 132 A, that is provided on 
edge extension 116A of link element 112A, extends to block entry aperture 
130B of link element 1 12B to thereby retain pivot rod 124B, the pivot rod 124B 
interconnecting link elements 112B and 112C, but not link element 112A on 
which protrusion 132A is provided. Of course, this blocking feature may be 
implemented in a different manner in other embodiments. However, the present 
implementation is advantageous in that it allows the entry aperture 130A-130C 
to be unimpeded during the assembly of the conveyor belt 110 to facilitate 
insertion of the pivot rods 124A-124C. 

[0062] Figures 10 and 1 1 show perspective and side views of a conveyor belt 
210 in accordance with yet another implementation of the present invention. In 
this regard, conveyor belt 210 is substantially similar to the embodiment shown 
in the Figures 1 to 7 discussed above. Therefore, discussion of the various 
details of the conveyor belt 210 are omitted herein to avoid repetition. Primary 
distinction of the conveyor belt 210, as shown in Figures 10 and 11, is that the 
edge extensions 216 of the link elements 212 are provided with protrusions 232 
which have a length dimension that is larger than the depth of the receiving slots 
234. Thus, when the link elements 212 of the conveyor belt 210 are collapsed 
together, the protrusion 232 is only partially received within the receiving slot 
234 of the adjacent link element 212 thereby preventing full nesting of the link 
elements 212. 

[0063] Because the protrusion 232 is longer than the depth dimension of the 
receiving slot 234, the effective minimum turn radius of the conveyor belt 210 
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may thus be controlled. In other words, the protrusion 232 limits the extent to 
which the two adjacent link elements 212 can be collapsed together at the edges 
thereof. This effectively determines the minimum turn radius for the conveyor 
belt 210 so that conveyor belts can be specifically designed for applications 
requiring a particular minimum turn radius. Of course, the conveyor belt 210 
shown in Figures 10 and 11 is merely one example embodiment and the 
protmsion 232 may be designed to have a length (relative to the depth of the 
receiving slot) in accordance with the needs of the specific application for which 
the conveyor belt 210 is to be applied. The edge extension 216 of the illustrated 
embodiment is also provided with a receiving slot 234 that is defined by the 
upper flange 236 and lower flange 238 so as to prevent tenting of the link 
elements 1 12 in the manner previously described. 

[0064] Figure 12 is a topographical cross sectional view of a segment of a 
conveyor belt 310 having link elements 312 in accordance with still another 
embodiment of the present invention. Again, the conveyor belt 310 is 
substantially similar to the previously described embodiments discussed above, 
and, thus, various details are omitted herein to avoid repetition. However, the 
edge extensions 316 of the link elements 312 are not provided with a receiving 
slot or flanges that form the slot. Thus, in this embodiment, the protrasions 332 
are used to merely block the entry aperture 330 of an adjacent link element 312. 
Of course, the protrusions 332 may be further elongated in other embodiments to 
allow further control of the minimum turn radius of the conveyor belt 310. 
However, it should be evident, in view of the discussion above relative to the 
other embodiments, that provision of the receiving slot is advantageous, in that, 
it prevents tenting between the link elements when they are collapsed together. 
[0065] Figure 13 shows a topographical cross sectional view of a segment of 
a conveyor belt 410 having link elements 412 in accordance with yet another 
embodiment of the present invention which is somewhat, similar to the 
previously described embodiments discussed above. However, as can be seen in 
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Figure 13, the edge extensions 416 of the link elements 412 are not provided 
with the optional protrusions, or a receiving slot. Thus, in this embodiment, the 
pivot rods 424 are inserted into the entry aperture 430 so as to interconnect 
adjacent intermeshing link elements 412 together, and are retained in the rod 
receiving compartment 442 by the transverse obstruction 444 provided on the 
edge extension 416 of the link elements 412. 

[0066] As can be appreciated, because protrusions are not provided in the 
illustrated embodiment of the present invention, the entry apertures 430 are 
open. Consequently, there exists a potential risk that the pivot rod 424 may 
move to the entry aperture 430 and be unintentionally removed through the entry 
aperture 430, thereby disconnecting the link elements 412 and causing the 
conveyor belt 410 to fail. However, this potential risk is not very high because 
the transverse obstruction 444 impedes the end of the pivot rod 424 from moving 
to the entry aperture 430. In addition, as previously described, the pivot rods 
424 are correspondingly sized in length so that the pivot rods 424 are slightly 
longer than the dimension between the ends of the transverse obstructions 444 at 
the opposite edges of the link element 412, thus, further impeding the removal of 
the pivot rod when the conveyor belt 410 is in operation. Of course, to further 
minimize the risk that the pivot rod 424 is unintentionally removed through the 
entry aperture 430, one of the above described embodiments of the present 
invention which includes a protrusion that blocks the entry aperture may be 
utilized. 

[0067] Figure 14 shows the segment of the conveyor belt 410 of Figure 13 
discussed above that is being assembled using a method of assembly in 
accordance with another aspect of the present invention. Initially, adjacent link 
elements 412 are collapsed together so that the link elements 412 are 
intermeshed together as shown. Then, the pivot rod 424 is inserted into the entry 
aperture 430, one end of the pivot rod 424 being received in the rod receiving 
compartment of an edge extension (not shown) that is provided on the opposite 
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edge of the link elements 412.s Due to the length of the pivot rod 424, the other 
end of the pivot rod 424 that is illustrated in Figure 14 does not completely clear 
the transverse obstruction 444 to allow the end of the pivot rod 424 to be moved 
into the rod receiving compartment 442. 

[0068] In accordance with the method of the present invention, the 
intermeshed link elements 412 are then slightly stretched in the direction of 
arrow "A" so that the transverse width dimension of the link elements 412 are 
slightly increased. As previously noted, this slight stretching is possible because 
the link elements 412 are preferably made of a slightly deformable plastic or 
other appropriate material. This slight stretching of the intermeshed link 
elements 412 allows the end of the pivot rod 424 to clear the transverse 
obstruction 444 of edge extension 416, and be moved into the rod receiving 
compartment 442 as indicated by arrow "B". The intermeshed link elements 412 
are then released so that they are no longer stretched and return to their normal 
size. When the link elements 412 resume their normal transverse width 
dimension, the end of the pivot rod 424 is fully received within the rod receiving 
compartment 442 and retained therein by the tranisverse obstmction 444. The 
intermeshed link elements 412 can then be extended away from each other as 
shown in Figure 13 during use. To remove the pivot rod 424, for example, to 
service the conveyor belt 410, the steps described above can simply be reversed. 
[0069] Finally, it should be further noted that in the embodiments of the 
present invention shown and described above, the entry aperture and the 
transverse obstruction were provided on the leading end of the edge extensions 
so that in operation, the pivot rods are moved toward the trailing end of the edge 
extensions and away from the entry aperture and the transverse obstruction. 
However, the present invention is not limited thereto, and may be implemented 
in other embodiments with the entry aperture and the transverse obstruction 
positioned on the trailing end of the edge extensions. In such embodiments, the 
transverse obstruction should be implemented as a continuous divider so that the 



NVA284280.4 



- 23 - Docket No. 744475-57 

pivot rod cannot be forced through the transverse obstruction and align with the 
entry aperture. 

[0070] In view of the above, it should now be evident how the present 
invention provides a conveyor belt that allows easy installation and retention of 
the pivot rods. In particular, it should be evident to one of ordinary skill in the 
art how the conveyor belts of the described embodiments provide integrated 
solutions to many of the issues associated with the use of such conveyor belts. 
Furthermore, it should also be evident how conveyor belt in accordance with one 
embodiment prevents tenting while further providing a mechanism to control the 
minimum tum radius. Moreover, it should also be evident that a unique and 
novel method of assembling a conveyor belt is provided. 

[0071] While various embodiments in accordance with the present invention 
have been shown and described, it is understood that the invention is not limited 
thereto. The present invention may be changed, modified and further applied by 
those skilled in the art. Therefore, this invention is not limited to the detail 
shown and described previously, but also includes all such changes and 
modifications. 
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